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©  Preparation  of  polypeptides  in  vertebrate  cell  culture. 

A    vertebrate  cell  culture  is  enabled  to  produce  a 
desired  polypeptide  by  transformation  with  a  vector 
whose  DNA  comprises  (a)  means  for  replication  in  the 
host;  (b)  a  promoter;  and  (c)  a  gene  encoding  the  poly- 
peptide,  under  the  control  (b). 

E.g.  a  recombinant  genome  was  constructed  com- 
prising  DNA  from  (a)  the  SV40  virus  with  excision  of 
the  VP-1  gene  (-hence  it  is  noninfective);  (b)  the  HBsAg 
gene;  and  (c)  pBR322  (rendering  it  TETR,  and  allowing 
cloning  in  E.  coli).  Cells  of  the  CV-1  line  of  monkey 
kidney  fibroblasts  were  co-infected  therewith  and  incu- 
bated.  Lysis  occurred,  liberating  HBsAg  which  is  required 
for  hepatitis  vaccine. 

Non-lytic  vectors  for  expressing  HBsAg  were  also 
prepared. 



This  invention  r e l a t es   to  the  app l i ca t ion   of  recombinant  DNA 

technology  for  the  production  of  polypept ides   in  v e r t e b r a t e  

cell  cu l tu re .   In  one  aspect ,   the  present   invention  re la tes   to 

the  cons t ruc t ion   of  expression  vehicles  conta ining  DNA 

sequences  encoding  polypept ides   operably  linked  to  exp re s s ion  

e f fec t ing   promoter  systems  and  to  the  expression  vehicles  so 

cons t ruc ted .   Such  expression  vehicles   are  capable  of 

r ep l i ca t ion   and  of  expression  of  the  encoded  polypept ide  DNA 

sequence in  both  microbial  systems  and,  n o t a b l y ,  i n   va r i ous  

ver tebra te   cell  cul ture   systems.  In  another  aspect ,   the 

present  invention  r e l a t es   to  ve r t eb ra t e   cell  c u l t u r e s  

transformed  with  such  expression  veh ic les ,   thus  d i rec ted   in  the 

expression  of  the  DNA  sequences  r e fe r red   to  above.  



In  prefer red   embodiments,  this  invention  provides  fo r  

p a r t i c u l a r   expression  vectors  that  u t i l i z e   DNA  sequences  fo r  

r e p l i c a t i o n ,   phenotypic  s e l ec t ion   and  l inking  to  the  h e p a t i t i s  

B  surface  antigen  (HBsAg)  gene  and  expression  promoter  t h e r e f o r  

which  sequences  are  natural  to  and/or  net  detrimental  in  the  host 

ve r t eb ra t e   cell  system  employed.  The  HBsAg  is  secreted  i n to  

the  cul ture   medium  in  p a r t i c l e   form  of  about  22  nm  and  c o n t a i n s  

ant igenic   de te rminant ( s )   of  h e p a t i t i s   B  virus  (HBV).  The  thus  

produced  h e p a t i t i s   B  surface  antigen  is  su i tab le   for  use  in  the 

prepara t ion   of  vaccines  agains t   h e p a t i t i s   B  virus  and  t h i s  

invention  also  r e l a t es   to  the  means  and  methods  of  conve r t i ng  

the  end  product  HBsAg  of  such  cell  cul ture   expression  to  

e n t i t i e s ,   such  as  vaccines,   useful  against   HBV. 

The  p u b l i c a t i o n s   and  other  mater ia l s   hereof  used  to  i l l u m i n a t e  

the  background  of  the  invent ion ,   and  in  p a r t i c u l a r   cases,  to 

provide  addi t iona l   de ta i l s   respec t ing   its  pract ice   a r e  

incorpora ted   herein  by  r e fe rence ,   and  for  convenience,  a re  

numerically  referenced  in  the  following  text  and 

grouped  in  the  appended  b i b l i o g r a p h y .  

A.  Recombinant  DNA  Technology 

With  the  advent  of  recombinant  DNA  technology,  the 

con t ro l l ed   microbial  production  of  an  enormous  var iety  of 

useful  polypept ides   has  become  poss ib le .   Many  v e r t e b r a t e  

po lypep t ides ,   such  as  human  growth  hormone,  human 

p r o i n s u l i n ,   desacetyl thymosin  alpha  1,  human  and  hybr id  

leukocyte  i n t e r f e r o n s ,   human  f i b r o b l a s t   i n t e r f e r o n ,   as  well 

as  a  number  of  other  products  have  already  been  produced  by 

various  microorganisms.  The  power  of  the  technology  admits 

the  microbial  production  of  an  enormous  var ie ty   of  usefu l  



polypept ides ,   putt ing  within  reach  the  microbia l ly   d i r e c t e d  

manufacture  of  hormones,  enzymes,  an t ibod ie s ,   and  vacc ines  

useful  for  a  wide  var ie ty   of  drug-targetting  applications. 

A  basic  element  of  recombinant  DNA  technology  is  the 

plasmid,  an  extrachromosomal  loop  of  double-s t randed  DNA 

found  in  bacter ia   of tent imes  in  mult iple   copies  per  c e l l .  

Included  in  the  information  encoded  in  the  plasmid  DNA  i s  

that  required  to  reproduce  the  plasmid  in  daughter  c e l l s  

( i . e . ,   a  "repl icon"  or  origin  of  r e p l i c a t i o n )   and 

o r d i n a r i l y ,   one  or  more  phenotypic  s e l e c t i o n  

c h a r a c t e r i s t i c s ,   such  as  r e s i s t a n c e   to  a n t i b i o t i c s ,   which 

permi t  c lones   of  the  host  cell  containing  the  plasmid  of  

i n t e r e s t   to  be  recognized  and  p r e f e r e n t i a l l y   grown  in 

se lec t ive   media.  The  u t i l i t y   of  bac te r i a l   plasmids  l ies  in 

the  fact  that  they  can  be  s p e c i f i c a l l y   cleaved  by  one  or 

another  r e s t r i c t i o n   endonuclease  or  " r e s t r i c t i o n   enzyme", 

each  of  which  recognizes  a  d i f f e r e n t   s i te   on  the  plasmid 

DNA.  Thereaf ter   heterologous  genes  or  gene  fragments  may 

be  inser ted   into  the  plasmid  by  endwise  jo ining  at  to  the 

cleavage  site  or  at  r econs t ruc ted   ends  adjacent   to  the 

cleavage  s i t e .   Thus  formed  are  so -ca l led   r e p l i c a b l e  

expression  v e h i c l e s .  

DNA  recombination  is  performed  outside  the  host  organism,  

and  the  r e su l t ing   "recombinant"  r ep l i cab l e   exp re s s ion  

vehicle ,   or  plasmid,  can  be  introduced  into  the  cells   of 

organisms  by  a  process  known  as  t ransformat ion   and  l a r g e  

q u a n t i t i e s   of  the  recombinant  vehicle  obtained  by  growing 

the  t ransformant .   Moreover,  when  the  gene  is  p r o p e r l y  

inser ted  with  reference  to  port ions  of  the  plasmid  which 

govern  the  t r a n s c r i p t i o n   and  t r a n s l a t i o n   of  the  encoded  DNA 

message,  the  r e su l t ing   expression  vehicle  can  be  used  to 



di rec t   the  production  of  the  polypeptide  for  which  the 

inser ted   gene  codes,  a  process  re fe r red   to  as  e x p r e s s i o n .  

Expression  is  i n i t i a t e d   in  a  DNA  region  known  as  the  

promoter.  In  the  t r a n c r i p t i o n   phase  of  express ion,   the  DNA 

unwinds,  exposing  it  as  a  template  for  i n i t i a t e d   s y n t h e s i s  

of  messenger  RNA  from  the  DNA  sequence.  The  messenger  RNA 

is,  in  turn,  bound  by  ribosomes  where  the  messenger  RNA  i s  

t r a n s l a t e d   into  a  polypeptide  chain  having  the  amino  a c id  

sequence  encoded  by  the  mRNA.  Each  amino  acid  is  encoded 

by  a  nucleot ide   t r i p l e t   or  "codon"  which  c o l l e c t i v e l y   make 

up  the  " s t r u c t u r a l   gene",  i . e . ,   that  part  of  the  DNA 

sequence. which  encodes  the  amino  acid  sequence  o f  t h e  

expressed  polypeptide  product.   Trans la t ion   is  i n i t i a t e d   a t  

a  " s t a r t "   signal  ( o r d i n a r i l y   ATG,  which  in  the  r e s u l t i n g  

messenger  RNA  becomes  AUG).  So-called  stop  codons  de f ine  

the  end  of  t r a n s l a t i o n ,   and  hence  of  the production of 

fur ther   amino  acid  uni ts .   The  r e su l t i ng   product  may  be 

obtained  by  lysing,   if  necessary,   the  host  ce l l ,   in 

microbial  systems,  and  recovering  the  product  by 

appropr ia te   p u r i f i c a t i o n   from  other  p r o t e i n s .  

In  p rac t i ce ,   the  use  of  recombinant  DNA  technology  can 

express  en t i r e ly   heterologous  p o l y p e p t i d e s - - s o - c a l l e d  

d i rec t   express ion- -o r   a l t e r n a t i v e l y   may  express  a 

heterologous  polypeptide  fused  to  a  portion  of  the  amino 

acid  sequence  of  a homologous  polypept ide .   In  the  l a t t e r  

cases,  the  intended  b ioac t ive   product  is  sometimes  rendered 

b io inac t ive   within  the  fused,  homologous /he tero logous  

polypeptide  until  it  is  cleaved  in  an  e x t r a c e l l u l a r  

environment.  See  Bri t ish  Patent  Publ.  No.  2007676A  and 

Wetzel,  American  S c i e n t i s t   68,  664  (1980) .  



If  recombinant  DNA  technology  is  to  fully  sustain  i t s  

promise,  systems  must  be  devised  which  optimize  e x p r e s s i o n  

of  gene  i n s e r t s ,   so  that  the  intended  polypept ide  p roduc t s  

can  be  made  ava i lab le   in  con t ro l l ed   environments  and  in 

high  y i e l d s .  

B.  Cell  Culture  Technology 

The  art  of  cell  or  t i ssue   cu l tures   for  studing  genetics  and 

cell  physiology  is  well  e s t a b l i s h e d .   Means  and  methods  a r e  

in  hand  for  maintaining  permanent  cell  l ines ,   prepared  by 

successive  serial   t r a n s f e r s   from  i so la te   normal  c e l l s .   For 

use  in  research,   such  cell  l ines  are  maintained  e i ther   on  a 

solid  support  in  l iquid  medium,  or  by  growth  in  suspens ion  

containing  support  nut r iments .   Scale-up  for  l a r g e  

prepara t ions   seems  to  pose  only  mechanical  problems.  For 

fur ther   background,  a t t en t i on   is  d i rec ted   to  Microb io logy ,  

2nd  Edit ion,   Harper  and  Row  Pub l i she r s ,   Inc,  Hagerstown, 

Maryland  (1973)  e spec ia l ly   pp.  1122  et  seq.  and  S c i e n t i f i c  

American  245,  66  et  seq.  (1981),  each  of  which  i s  

incorporated  herein  by  this  r e f e r e n c e .  

The  present  invention  is  based  upon  the  discovery  t h a t  

recombinant  DNA  technology  can  be  used  to  success fu l ly   and 

e f f i c i e n t l y   produce  polypept ides   in  ve r t eb ra t e   host  c e l l  

cul ture  systems.  This  may  offer  the  advantages  such  systems  can 

confer,   e .g . . ,   g lycosy l a t i on ,   phosphory la t ion ,   methylat ion  and 

sugar  and  l ip id   a s soc ia t ion   more  c losely  related.   to  animal 

proteins   na tu ra l ly   produced  versus  the i r   production  in 

bac te r ia l   or  even  yeast  hosts  which  are  incapable  of  such  levels  

of  s o p h i s t i c a t e d   process ing.   Suitable  vertebrate  ce l l  

cul tures   no  doubt  will  t o l e r a t e   the  polypeptide  product  well  

and  notably  can,  in  some  cases,  secrete  the  product  into  the 



cell  cul ture   medium,  immeasurably  aiding  in  the  recovery  and 

p u r i f i c a t i o n   methods.  

The  present   invention  comprises  the  polypept ides   thus  produced 

and  the  methods  and  means of  the i r   production.   The  p r e s e n t  

invention  also  is  d i rected  to  r ep l i c ab l e   expression  v e h i c l e s  

harboring DNA  sequences  encoding  polypeptides  in  d i r e c t l y  

expressable   form  when  disposed  within  ve r t eb ra te   c e l l  

cu l t u r e s .   Further,   the  present   invention  is  d i rec ted   to 

ve r t eb ra t e   cell  cul tures   transformed  with  the  exp re s s ion  

veh ic les   described  above,  capable  of  expressing  such 

po lypep t ides .   In  s t i l l   fur ther   aspects ,   the  present  i nven t ion  

is  d i r e c t e d  t o   various  processes  useful  in  preparing  such  DNA 

sequences,  DNA  expression  vehicles  and  cul tures   and  to  s p e c i f i c  

embodiments  thereof .   S t i l l   fu r the r ,   this  invention  is  d i r e c t e d  

to  the  use  of  thus  produced  polypeptides  for  admin i s t r a t ion   in 

the  t reatment   of  various  d i s e a s e / c o n d i t i o n s   in  mammals  and  fo r  

making  pharmaceutical  or  animal  health  compositions  s u i t a b l e  

for  such  t r e a t m e n t .  

In  one  prefer red   embodiment,  the  present  invention  is  d i r e c t e d  

to  means  and  methods  of  producing  in  ve r t ebra te   cell  c u l t u r e ,  

h e p a t i t i s   B  surface  antigen  (HBsAg)  in  d i sc re te   p a r t i c l e   form 

comprising  immunogenic  de terminant (s )   of  h e p a t i t i s   B  v i r u s  

(HBV).  The  HBsAg  hereof  is  secreted  into  the  cell  c u l t u r e  

medium  in  d i sc re te   p a r t i c l e   form,  devoid  of  any  a d d i t i o n a l ,  

fused  polypeptide  a r t i f a c t ,   whether  encoded  by  another  po r t i on  

of  the  HBY  genome  or  by  DNA  homologous  to  the  vector  employed. 

This  invention  contemplates  the  use  of  the  thus  produced  HBsAg 

for  the  p r e p a r a t i o n  o f   vaccines  useful  to  confer  immunogenicity 

to  HBV  in  suscep t ib le   humans,  to  such  vaccines  and  to  the  

method  of  using  them  to  inoculate  and  confer  immunogenicity  to 

HBV  in  suscep t ib le   humans. 



Hepat i t i s   B  Virus 

Hepat i t i s   B  (serum  h e p a t i t i s )   virus  is  t ransmi t ted   among  humans 

and  manifests  as  chron ica l ly   d e b i l i t a t i n g   in fec t ions   which  can 

resu l t   p rogress ive ly   in  severe  l iver   damage,  primary  carcinoma 

and  death.  In  most  cases,  complete  recovery  from  h e p a t i t i s   B 

in fec t ions   can  be  expected;  however,  large  segments  of  the 

populat ion,   e spec ia l ly   in  many  African  and  Asian  coun t r i e s ,   a re  

chronic  c a r r i e r s   with  the  dangerous  potent ia l   of  t r a n s m i t t i n g  

the  disease  pandemica l ly .  

Hepatatis   is  caused  by  a  virus  vector  ( h e p a t i t i s   B  virus  or 

HBV)  which  in  its  whole  s t a t e  -   the  so-ca l led   Dane 

p a r t i c l e - r e p r e s e n t s   the  virion  and  consis ts   of  a  27nm 

nucleocapsid  enclosing  a  DNA  molecule  and  an  envelope 

surrounding  the  nucleocapsid .   Proteins   assoc ia ted   with  the  

virion  include  the  core  antigen  (HBcAg),  a  DNA  polymerase  and 

the  surface  antigen  (HBsAG)  which  has  been  found  in  serum  of  

infected  and  ca r r i e r   humans.  Antibodies  to  HBsAG  have  a l so  

been  found  in  serum  HBV  infected  poeple.  It  is  believed  t h a t  

HBsAG  is  the  HBV  antigen  that  can  induce  immunogenic  p roduc t ion  

of  antibody  (anti-HBs)  and  thus  it  would  be  the principle  in  an 

HBV  vaccine.  Attention  is  d irected  to:  Dane  et  a l . ,   Lancet  

1970  (I),   695  (1970);  Holl inger  e t  a l . ,   J.  Immunology  107,  1099 

(1971);  Ling  et  a l . ,   J.  Immunology  109,  834  (1972);  Blumberg, 

Science  197, 17  (1977);  Peterson  et  a l . ,   Proc.  Nat.  Acad.  Sci 

(USA)  74,  1530  (1977)  and  Viral  Hepa t i t i s ,   A  Contemporary 

Assessment  of  Etiology,  Epidemiology,  Pathogenesis   and 

Prevent ion.   (Vyas  et  a l . ,   eds.)  Franklin  I n s t i t u t e   P r e s s ,  

Ph i l ade lph ia ,   1978,  each  of  which  is  hereby  incorpora ted   by 

this  reference  to  fur ther   i l l u s t r a t e   the  background  of  t h i s  

i n v e n t i o n .  

HBsAg  is  present  in  infected  plasma  predominantly  in  the  form 



of  spherical   p a r t i c l e s   having  diameters  ranging  from  about  16 

to  25  nm  --  the  so-ca l led   "22  nm  p a r t i c l e . "   These  are  thought  

to  represent   a  noninfec t ious   viral  envelope.  Because 

ant ibodies   against   HBsAg  are  p ro tec t ive   against   HBV  i n f e c t i o n ,  

these  non- in fec t ious   p a r t i c l e s   can  e f f e c t i v e l y   be  used  as  a 

v a c c i n e .  

Inasmuch  as  the  h e p a t i t i s   B  virus  has  not  been  in fec t ious   in 

cell  cul ture   and  can  Qnly  be  obtained  from  infected   humans  or  

higher  primates,   means  have  not  been  ava i lab le   for  o b t a i n i n g  

and  maintaining  s u f f i c i e n t   supplies  of  HBV  for  use  in  producing 

antigen  for  immunization  agains t   HBV. 

In  Bri t ish  Patent  Applicat ion  Publ ica t ion   No.  2034323A  and 

European  Patent  Applicat ions  Pub l ica t ions   Nos.  13828  and  20251 

are  r e spec t i ve ly   described  the  i so l a t i on   and  cloning  of  the  HBV 

genome,  the  expression  of  HBV  core  antigen  and  the  p roduc t ion  

in  E.  coli  of  a  fusion  protein  puportedly  containing  a  po r t ion  

of  HBsAg.  Proc.  Natl.  Acad.  Sci.  (USA)  77,  4549  (1980)  r e p o r t s  

the  integration  of  mouse  chromosome  by  t ransformat ion   of  mouse 

cel ls   with tandem  cloned  h e p a t i t i s   B  genomes. 

Moriarty  e t  a l . ,   in  Proc.  Natl.  Acad.  Sci.  (USA)  78,  2606 

(1981),  describe  the  cons t ruc t ion   of  a  simian  virus  40  (SV40) 

recombinant  carrying  a  fragment  of  HBV-DNA.  Cultures  of  monkey 

kidney  cel ls   were  infec ted   with  the  viral  recombinant  and 

produced  a  22  nm  pa r t i c l e   purportedly  c h a r a c t e r i s t i c   of  those 

found  in  sera  of  h e p a t i t i s   B  infected  p a t i e n t s .   The  Mor ia r ty  

e t  a l .   recombinant  vector  contained  a  large  segment  of  the  HBV 

genome  harboring  the HBsAg  sequence  and  included  DNA  sequences 

encoding  SV40  tumor  proteins  and  possibly  other  HBV  p r o t e i n s .  



Further,   their   cons t ruc t ion   incorporated  the  HBsAg  DNA  in  frame 

with  the  VP-2  protein  coding  sequence  of  SV40  virus .   It  is  not 

clear  whether  mature  HBsAg  was  e x p r e s s e d .  
Some  preferred  embodiments  of  the  invention  will  now  be  described 

with  reference  to  the  accompanying  drawings,  in  which: 

Figure  1  depicts  the  cons t ruc t ion   of  plasmid  pSVR  c o n t a i n i n g  

SV40  DNA  with  a  delet ion  of  the  coding  region  for  the  VP-1 

p r o t e i n .  

Figure  2  depicts  the  cons t ruc t ion   of  plasmid  pHS94  ha rbor ing  

HBsAg  DNA. 

Figure  3  depicts  the  cons t ruc t ion   of  plasmid  pSVHBSA  c o n t a i n i n g  

HBsAg  DNA  and  sequences  of  DNA  derived  from  SV40  and  pBR322. 

In  Part  B,  the  DNA  sequence  surrounding  the  ATG  i n i t i a t i o n  

codon  of  VP-1  protein  (boxed  in  top  line)  is  compared  with  t h a t  

of  HBsAg  c rea ted  in   the  recombinant  (boxed  ATG  in  bottom 

l ine) .   The  Hind  III  si te  which  was  converted  to  an  EcoRI  s i t e  

is  u n d e r l i n e d .  

Figure  4  depicts  the  r e p l i c a t i o n   of  plasmid  DNA  in  monkey 

ce l l s .   Monolayers  of  Cos  cel ls   were  grown  to  50-60  p e r c e n t  

confluency  in  6-cm  p las t i c   dishes.   The  cel ls   were  washed  with 

Dulbecco 's  modif ied   medium,  and  2  ml  of  medium  containing  1  µg 

of  plasmid  DNA  and  DEAE-dextran  at  200  µg  was  applied  for  12 

hours  at  37°.  The  DNA  solut ion  was  removed,  the  cel ls   washed 

once  with  medium,  and  5  ml  of  medium  conta in ing  10   p e r c e n t  

fetal  calf  serum  was  added  and  the  cells   incubated  at  37°  fo r  

e i ther   one  or  three  days  prior  to  DNA  e x t r a c t i o n .   At  these  

times,  small  supercoi led  plasmid  DNA  was  i so la ted   according  to 

the  method  of  Hirt  (14).  The  DNA  was  subjected  to  agarose  gel 

e l e c t r o p h o r e s i s   and  t r a n s f e r r e d   to  n i t r o c e l l u l o s e   (15).  To 

v i sua l ize   r e p l i c a t i n g   plasmids,  the  n i t r o c e l l u l o s e   f i l t e r  



was  probed  with  P32  label led   HBV  DNA.  Lanes  (a )  -   DNA  from 

Hirt  lysates   of  cel ls   t r ans f ec t ed   with  pRI-Bgl.  Lanes  ( b )  -  

DNA  from  Hirt  lysates   of  cel ls   t r ans fec t ed   with  pHBs348-L. 

Lane  (M) -  1  µg of  pHBs348-L  DNA.  Arrows  refer  to  locat ion  o f  

closed  c i r cu l a r   DNA  (I)  and  open  c i r cu l a r   DNA  ( I I ) .  

Figure  5  depicts  q u a n t i t a t i o n   of  HBsAg  synthesized  by 

recombinant  plasmids  in  Cos  c e l l s .   Monolayers  of  Cos  c e l l s  

were  grown  to-approximate ly   50  percent  confluency  in  6-cm 

p l a s t i c   dishes,   and  prepared  for  DNA  t r ans f ec t i on   as  de sc r ibed  

in  Figure  4.  2  ml  of  Dulbecco's  modified  medium  containing  10 

percent  fetal  calf  serum  was  added  following  t r a n s f e c t i o n ,   and 

the  medium  assayed  at  various  times  for  HBsAg  exp re s s ion  

following  24  hours  accumulation.   HBsAg  expression  is  expressed  

as  counts  per  minute  (cpm)  in  0.2  ml  undiluted  medium,  as 

assayed  by  RIA  (Abbott  Labs) .  

Figure  6  depicts  immunogenicity  of  HBsAg  derived  from  monkey 

ce l l s .   Medium  from  20  15-cm  dishes  of  Cos  cel ls   t r a n s f e c t e d  

with  pHBs348-L  was  harvested  and  HbsAg  pur i f i ed   as  desc r ibed  

above  f o r  e l e c t r o n  m i c r o s c o p i c   examination.   Three  groups  o f  

five  mice  were  immunized  with  2.8  gg,  0.6  µg,  or  0.006  gg  o f  

pur i f i ed   HBsAg  in  the  presence  of  complete  Freund's  a d j u v a n t .  

Control  mice  were  immunized  with  s imilar   amounts  of  a u t h e n t i c  

HBsAg  derived  from  human  serum  (North  American  B i o l o g i c a l s  

Inc.)  Mice  were  tai l   bled  at  various  times  following  immuniza- 

t ion,  anti-HBsAg  antibody  quan t i t a t ed   by  RIA  (Abbott  Labs),  and 

the  r e su l t s   expressed  as  the  average  t i t e r   per  mouse.  Mice 

immunized  with  HBsAg  derived  from  t issue  cul ture   developed 

t i t e r s   ident ica l   to  mice  immunized  with  HBsAg  derived  from 

human  serum. 



Figure  7  demonstrates  the  presence  of  HBV  sequences  r e p l i c a t i n g  

as  part  of  SV40. 

Figure  8A  depicts  a  sucrose  gradient   sedimentat ion  of  HBsAg 

synthesized  via  the  recombinant  vector  hereof.   Figure  8B  is  a 

corresponding  CsCl  gradient   c e n t r i f u g a t i o n   t h e r e o f .  

Figure  9  depicts  an  e lect ron  micrograph  of  HBsAg  synthesized  as 

a  22nm  p a r t i c l e   in  accordance  with  this  i n v e n t i o n .  

Cell  Culture  Systems/Cell  Culture  Vectors  

Propagation  of  ve r t eb ra te   cel ls   in  cul ture   ( t i s sue   cu l ture)   has 

become  a  routine  procedure  in  recent  years  (see  Tissue  C u l t u r e ,  

Academic  Press,   Kruse  and  Pat terson  eds,  1973).  Employed 

herein  was  the  CV-1  line  of  monkey  kidney  f i b r o b l a s t s   as  t he  

host  for  the  production  of  HBsAg.  However,  the  exper iments  

de ta i led   here  could  be  performed  in  any  cell  line  which  i s  

capable  of  the  r e p l i c a t i o n   and  expression  of  a  compat ib le  

vector,   e .g . ,   WI38,  BHK,  3T3,  CHO,  VERO,  and  HeLa  cell  l i n e s .  

Add i t iona l ly ,   what  is  required  of  the  expression  vector  is  an 

origin  of  r e p l i c a t i o n   and  a  promoter  located  in  front  of,  and 

in  reading  phase  with,  the  gene  to  be  expressed,   along  with  any 

necessary  ribosome  binding  s i t e s ,   RNA  spl ice  s i t e s ,  

polyadenyla t ion  s i t e ,   and  t r a n s c r i p t i o n a l   t e r m i n a t o r  

sequences.  While  these  essen t ia l   elements  of  SV40  have  been 

exp lo i ted ,   it  will  be  understood  that  the  invent ion,   a l though  

described  herein  in  terms  of  a  preferred  embodiment,  should  no t  

be  construed  as  l imited  to  these  sequences.  For  example,  the 

origin  o f  r e p l i c a t i o n   of  other  viral  ( e .g . ,   Polyma,  Adeno, 

Retro,  VSV,  BPV,  and  so  forth)  vectors  could  be  used,  as  well 

as  c e l l u l a r   origins  of  DNA  r e p l i c a t i o n   which  could  function  in 

a  non- in tegra ted   s t a t e .  



In  addi t ion ,   the  r e p l i c a t i o n   of  SV40  DNA  begins  at  a  unique 

site  and  proceeds  b i d i r e c t i o n a l l y   (19).  Genetic  evidence 

ind ica tes   that  only  one  viral  gene  product  is  required  for  the 

r e p l i c a t i o n   of  the  viral  DNA.  This  is  the  product  of  the  A 

gene  (T  an t igen) ,   which  is  required  to  i n i t i a t e   each  round  o f  

viral  DNA synthesis  (12).  Experiments  described  herein  have 

demonstrated  that  recombinant  plasmids  containing  the  origin  of  

DNA  r e p l i c a t i o n   of  SV40  are  able  to  r e p l i c a t e   in  monkey  c e l l s  

in  the  presence  of  SV40  T  antigen  (20,  21).  It  was 

desired  to  cons t ruc t   vectors  which  preserved  both  r e p l i c a t i o n  

and  promoter  funct ions .   That  such  a  system  can  be  employed  to 

express  heterologous  genes  in  the  absence  of  a  complementing 

helper  virus  also  has  been  e s t a b l i s h e d . ' "  

Polypeptide  Products  

The  present   invention  is  useful  for  the  preparat ion  of  a  wide 

var ie ty   of  polypeptides  exh ib i t ing   b i o a c t i v i t y   akin  to  that  o f  

a  polypeptide  innately  produced  within  a  l iving  organism  for  a 

physio logica l   purpose,  as  well  as  to  in te rmedia tes   which  can  be 

processed  into  such  po lypept ides ,   as  by  cleavage  away  of  

superf luous  prote in ,   folding,   combination  etc.  Examples  are 

hormones,  e .g . ,   human  growth  hormone,  bovine  growth  hormone, 

e tc . ;   lymphokines;  enzymes,  e .g . ,   superoxide  dismutase,  e t c . ;  

i n t e r f e r o n s ,   e .g . ,   human  f i b r o b l a s t   and  human  and  hybrid.  

leukocyte  i n t e r f e r o n s ,   e tc . ;   v.iral  antigens  or  immunogens, 

e .g . ,   foot  and  mouth  d isease   ant igens ,   inf luenza  a n t i g e n i c  

pro te in ,   h e p a t i t i s   core  and  surface  ant igens ,   e tc . ;   and  va r ious  

other  polypept ides ,   e .g . ,   human  in su l in ,   ACTH,  va r ious  

g lycopro te ins ,   immunoglobins,  vitamin  K  requir ing  blood 

f ac to r s ,   such  as  Factor  VIII  and  IX,  e t c .  

The  expression  vectors  hereof  e f f e c t i v e l y   d i rec t   the  s y n t h e s i s  

of  heterologous  polypept ides ,   inter   alia  in  the  COS-7 



line  of  monkey  ce l l s .   The  use  of  both  the  early  and  l a t e  

promoters  of  SV40  have  been  exp lo i t ed ,   although  other  promoters 

should  be  useful  in  this  regard.  In  addit ion  to  the  e f f i c i e n t  

expression  of  p o t e n t i a l l y   useful  polypept ides   (e.g.  growth 

fac tors ,   lymphokines,  viral  ant igens ,   i n t e r f e r o n s ) ,   the  system 

should  be  useful  in  other  regards.   For  example,  s i g n i f i c a n t  

levels  of  RNA  are  synthesized  from  these  vec tors ,   i n d i c a t i n g  

that  a  genomic  inser t   containing  introns  should  g e n e r a t e  

s i g n i f i c a n t   levels  of  processed RNA  from  which  cDNA  c lones  

could  be  readi ly  obtained.   Thus,  the  system  should  prove 

useful  for  convert ing  genomic  inser t s   into  cDNA  clones.   In 

addi t ion,   in  the  non- ly t ic   expression  system,  it  should  be 

possible  to use  this  approach  to  express..genes  for  which  a 

se lec t ion   pressure  can  be  exerted  (e.g.  d i h y d r o f o l a t e  

reductase ,   thymidine  kinase,   drug  r e s i s t ance   genes,  oncogenes)  

with  the  aim  of  obtaining  both  vectors  which  rely  on  h o s t ,  

rather  than  v i r a l ,   or igins   of  DNA  r e p l i c a t i o n ,   as  well  as 

vectors  which  r ep l i ca t e   s tably ,   perhaps  through  an  a c q u i s i t i o n  

of  host  sequences  (e.g.  c e n t r o m e r e s ) .  

Detailed  D e s c r i p t i o n  

Construction  of  a  SV40  DNA  without  the  coding  region  of  VP-1 

p r o t e i n  

The  complete  nucleot ide   sequence  of  SV40  DNA  is  known  ( 1 ) ,  

the re fore ,   the  physical  loca t ions   of  various  SV40  coded 

proteins  can  be  co r re la ted   d i r e c t l y   with  various  r e s t r i c t i o n  

enzyme  cleavage  s i t e s .   Examination  of  the  nucleot ide   sequence 

encompassing  the  coding  region  of  VP-1  protein  (1)  i n d i c a t e d  

two  well  placed  r e s t r i c t i o n   endonuclease  cleavage  s i t e s .   (F ig .  

1).  The  f i r s t   is  a  cleavage  site  of  r e s t r i c t i o n   endonuclease  

HindIII  at  nucleot ide  posi t ion  1493,  6  nuc leo t ides   5'  to  the 

i n i t i a t i o n   codon  for  VP-1  p ro te in .   The  second,  a  cleavage  s i t e  



for  r e s t r i c t i o n   endonuclease  BamHI  at  nucleot ide   2533,  is  50 

nucleot ides   5'  to  the  te rminat ion  codon  for  VP-1  prote in .   To 

obtain  SV40  DNA with  de le t ion  between  HindIII  s i te   at  1493  and 

BamHI  si te  at  2533,  experiments  were  carr ied   out  as  out l ined  in 

Figure  1.  Br ief ly ,   wild  type  SV40  DNA  was  f i r s t   cleaved  with 

BamHI  to  obtain  a  f u l l - l e n g t h   l inear   DNA  and  then  cleaved  with 

HindIII  under  the  condit ion  that  each  DNA  molecule,  on  average ,  

received  only  one  cleavage  (there  are  six  HindIII  c leavage  

s i tes   d i s t r i b u t e d   throughout  the  SV40  genome).  In  theory,  one 

out  of  twelve  of  the  r e su l t i ng   digested  DNA  mixture  should  be 

the  one  combination  des i red.   Subsequently,   a  s y n t h e t i c  

decanuc leo t ide ,   dAGCTGAATTC  (2),  was  l igated  to  these  BamHI  and 

HindIII  t rea ted   SV40  DNA  through  cohesive  ends  of  HindII I  

cleavage  s i tes   (-TCGA)  and  that  of  the  decanucleotide.  The  whole 

mixture  was  then  digested  with  EcoRI  (to  generate  cohesive  end 

in  the  EcoRI  s i te   on  the  added  decanucleot ide)   and  cloned  i n to  

pBR322  through  Barn  and  EcoRI  (3)  s i t e s .   The  plasmid  DNA 

containing  SV40  sequences  was  screened  by  r e s t r i c t i o n   a n a l y s i s  

(4)  and  that  fragment  with  the  s t i p u l a t e d   delet ion  was  i s o l a t e d  

and  designated  as  pSVR. 

There  are  two  purposes  for  the  addit ion  of  s y n t h e t i c  

decanuc leo t ide .   F i r s t ,   the  added  decanucleot ide  contains  a 

cleavage  s i te   for  r e s t r i c t i o n   endonuclease  EcoRI  which  is 

absent  in  this  part  of  SV40  DNA.  Therefore,   large  q u a n t i t i e s  

of  this  SV40  DNA  vector  fragment  can  be  readi ly   obtained  by  the 

propagation  of  pSYR  plasmid  in  E.  coli  (5)  and  subsequen t  

cleavage  with  endonuclease  EcoRI  and  BamHI.  Secondly,  the 

added  decanucleot ide   will  res tore   the  or iginal   phys ica l  

dis tance  between  the-HindIII   cleavage  s i te   and  i n i t i a t i o n   codon 

for  VP-1  protein  when  a  properly  const ructed  DNA  containing  the 

coding  sequences  of  a  foreign  gene  is  l iga ted   to  this  SY40  DNA 

through  the  EcoRI  cleavage  s i te   (See  Figure  3B). 



Eight  ug  of  BamHI  cleaved  l inear   f u l l - l e n g t h   SV40  viral  DNA 

(this  can  be  obtained  by  cleaving  wild  type  SV40  viral  DNA  or 

SV40  DNA  cloned  at  the  BamHI  s i te   of  pBR322  with  BamHI)  was 

digested  with  2  units  of  Hind  III  (BRL)  in  a  50  µl  r e a c t i o n  

mixture  containing  20  mM  t r i s -Cl   (pH  7.5),   60  mM  NaCl  and  7  mM 

MgCl2.  After  incubation  at  37°C  for  30  minutes,  the  r e a c t i o n  

was  stopped  by  the  addit ion  of  excess  EDTA  and  the  r e a c t i o n  

mixture  was  depro te in ized   by  phenol  ex t rac t ion   followed  by 

ethanol  p r e c i p i t a t i o n .   The  p a r t i a l l y   digested  DNA  was  then 

resuspended  in  10  µl  of  TE  buffer  (10  mM  t r i s - C l ,   pH  7.5,  1  mM 

EDTA). 

For  converting  the  Hind  III  si te  cohesive  end  to  the  EcoRI  s i t e  

cohesive  end,  0.1  n  mole  of  syn the t ic   d e c a n u c l e o t i d e  

dAGCTGAATTC  was  f i r s t   phosphorylated  with  ATP  by  T4 

polynucleot ide   kinase  in  10  µl  react ion  mixture  containing  50 

mM  glycine  buffer  (pH  9.1),   10  mM  MgCl2,  5mM  DTT,  0.5  mM  ATP 

and  10  units  of  kinase.  Incubation  was  at  37°C  for  1  hour.  An 

al iquot   (3  µl)  of  the  kinase  react ion  mixture  was  then  added  to 

a  l iga t ion   mixture  (20 µl)  containing  66  mM  t r i s -Cl   (pH  7 . 5 ) ,  

6.6  mM  MgCl2,  10  mM  DTT,  0.05  mg/ml  BSA,  0.5  mM  ATP,  4  µg  of  

p a r t i a l l y   Hind  III  digested  SV40  DNA  (above)  and  10  units  of  T4 

DNA  l igase .   Incubation  for  the  l i ga t ion   react ion  was  at  20°C 

for  approximately  16  hours .  

After  the  l iga ted   DNA  was  t rea ted   with  r e s t r i c t i o n   endonuclease  

EcoRI  to  generate  EcoRI  cohesive  end  on  the  l iga ted   l inker ,   i t  

was  then  depro te in ized   with  phenol,  p r e c i p i t a t e d   with  e t h a n o l ,  

l igated  to  the  BamHI-EcoRI  fragment  of  PBR322  (0.5  µg)  in  a  15 

µl  l iga t ion   mixture  (see  above)  and  used  to  transform  E.  co l i  

294.  Plasmids  i so la ted   from  these  t ransformants   were  then 

screened  for  the  inse r t ion   of  proper  SV40  DNA  fragments  by 

various  r e s t r i c t i o n   enzyme digestions. 



I so la t ion   of  HBsAg  S t ruc tura l   Gene 

The  above  cons t ruc ted   SV40  vector  was  designed  to  express  the 

gene  encoding  the  surface  antigen  of  h e p a t i t i s   B  v i r u s  

(HBsAg).  The  HBsAg,  a  po lypep t ide   of  25,000  molecular  we igh t ,  

normally  exis ts   as  a  complex  p a r t i c u l a t e   s t r uc tu r e   (22  nm 

p a r t i c l e )   which  is  part ly  g lycosyla ted   and  is  secreted  to  the 

ex t e r io r   of  the  infected  l iver   dell  ( 6 ) .  

For  expressing  HBsAg  in  the  above  cons t ruc ted   SV40  vector,   an 

ideal  DNA  fragment  containing  the  coding  sequence  of  HBsAg 

would  conform  to  the  following  cond i t ions .   F i r s t ,   this  DNA  has 

EcoRI  r e s t r i c t i o n   si te  on  one  end.and  BamHI  s i te   on  the  o t h e r .  

Secondly,  the  EcoRI  s i te   is  located  immediately  5'  to .  the  

i n i t i a t i o n   codon  for  the  HBsAg  so  that  the  or iginal   posi t ion  o f  

ATG  in  the  VP-1  protein  can  be  r es to red .   F ina l ly ,   the  

r e s u l t a n t   recombinant  SV40  molecule  should  be  s imilar   in  s i z e  

to  wild  type  SV40  DNA  for  e f f i c i e n t   packaging  into  v i r a l  

p a r t i c l e s .   To  meet  above  condi t ions ,   a  ser ies   of  exper iments  

de ta i l ed   in  Figure  2  were  carr ied  out.  One  of  the  impor tan t  

f e a t u r e s  f o r   this  cons t ruc t ion   is  the  creat ion  of  an  EcoRI 

r e s t r i c t i o n   si te  immediately  5'  to  the  presumed  i n i t i a t i o n  

codon  (ATG)  of  HBsAg.  This  was  done  by  using  a  s y n t h e t i c  

12-mer  (dATGGAGAACATC),  which  is  the  sequence  corresponding  to 

the  i n i t i a t i o n   codon  and  those  of  the  following  3  amino  ac ids  

in  the  HBsAg,  as  a  si te  spec i f ic   primer  for  E.  coli  DNA 

polymerase  to  synthesize  DNA  from  s i n g l e - s t r a n d e d   cloned  HBV 

DNA.  After  proper  enzymatic  t reatment ,   the  synthe t ic   DNA  was 

then  spl iced  with  the  cloned  HBY  DNA  to  r e c o n s t i t u t e   a n - i n t a c t  

HBsAg  gene,  and  a  t reated  vector  DNA  containing  an  EcoRI  s i t e  

on  the  end  to  r e c o n s t i t u t e   the  s t i p u l a t e d   EcoRI  s i te .   The 

plasmid  is  designated  pHS94. 



The  s t r uc tu r a l   gene  coding  for  the  HBsAg  was  recovered  from  a 

plasmid  (pHBV-T-IA)  containing  the  ent i re   genome  of  HBY  c loned  

into  the  EcoRI  si te  of  pBR322.  This  clone  was  obtained  by 

methods  s imilar   to  those  recent ly   published  by  Valenzuela  

e t  a l .   (7)  and  ( 8 ) .  

The  s t r u c t u r a l   gene  was  modified  in  two  ways  1)  to  i n c o r p o r a t e  

a  unique  r e s t r i c t i o n   si te  d i r ec t ly   in  front  of  the  i n i t i a l   ATG 

methionine  codon  and  2)  to  blunt-end  l iga te   the  HBV  Hpa  I  s i t e  

located  dis ta l   to  the  HBsAg  gene  to  the  f i l l e d   in  EcoRI  site  o f  

pBR322.  These  two  modif ica t ions   to  the  DNA  fragment  c o n t a i n i n g  

the  HBsAg  s t r uc tu r a l   gene  were  accomplished  as  described  below: 

1.)  50  µg  of  pHBV-T-IA  DNA  was  f i r s t   digested  with  Hpa  II  (80 

units)   in  200 µl  reaction  mixture  according  to  enzyme 

s u p p l i e r ' s   (BRL)  react ion  condit ion  to  obtain  a  1.7  kb  DNA 

fragment,  in  which  the  i n i t i a t i o n   codon  for  the  coding 

sequences  of  HBsAg  was  located  close  to  the  5'  end  of  the 

sense-s t rand   (about  400  bp).  The  DNA  was  pur i f i ed   by 

e l e c t r o p h o r e s i s   on  polyacrylamide  gels.  (PAGE).  The  p u r i f i e d  

HpaII  fragment  was  then  t rea ted   with  λ  exonuclease   (2  units)   in 

100  µl  react ion  mixture  (New  England  BioLab)  for  30  minutes  a t  

37°C.  λ  exonuclease  is  a  5'  exonuclease  which  digests   double 

stranded  DNA.  This  react ion  degraded  the  5'  half  of  the 

"sense-s t rand"   DNA  from  HBsAg  coding  sequences  and  exposed  the 

ant isense  strand  for  pairing  with  added  primer.  The  λ 

exonuclease  t reated  DNA  was  depro te in ized   and  resuspended  in 

50  µl  of  react ion  mixture  containing  40  mM  potassium  phosphate  

buffer  (pH  7.4),   1  mM  DTT,  50  µg/ml  BSA,  6mM  MgC12,  0.5  mM  each 

of  dNTPs,  and  0.2  n  mole  of  dATGGAGAACATC  (32p- labe l l ed   at  5' 

end  by  polynucleot ide   k inase) .   The  mixture  was  f i r s t   heated  a t  

90°C  for  1  minute,  annealed  at  0°C  for  30  minutes  and  then 



incubated  at  37°C  for  3  hours  in  the  presence  of  2  units  o f  

E.  coli  DNA  polymerase  I  Klenow  fragment  (9).  The  DNA 

polymerase  synthesized  DNA  primed  by  the  added  primer  and 

degraded  s i n g l e - s t r a n d e d   DNA  with  3'-OH  termini  and,  t h e r e f o r e ,  

created  blunt  ended  DNA  molecules.   The  r e s u l t a n t   DNA  was  then 

dep ro t e in i zed ,   digested  with  XbaI  (45  units)   at  a  s i te   l o c a t e d  

within  the  HBsAg  gene  in  a  100 µl  react ion  mixture  and 

f r a c t i o n a t e d   by  PAGE.  A  91  base  pair  DNA  fragment  c o n t a i n i n g  

the  f i r s t   30  codons of  HBsAg  gene  was  i so la t ed   a f t e r  

au to rad iograph ic   detect ion  (fragment  A). 

To  create  a  unique  r e s t r i c t i o n   si te  s i te   immediately  5'  to  the 

HBsAg  gene; we  took  advantage  of  a  de r iva t ive   of  the  plasmid 

pBR322  (ca l led   pNCV)  which  contains  a  syn the t i c   DNA 

segment  with  the  sequence:  AATTCTGCAG 

GACGTCTTAA 

located  at  the  EcoRI  s i t e .   Incorporated  into  this  s y n t h e t i c  

DNA  sequence  is  a  PstI  s i t e .   Ten  gg  of  pNCY  DNA  was  f i r s t   cu t  

with  24  units  of  PstI  enzyme  in  a  100 µl  react ion  mixture  and 

then  t rea ted   with  2  units  E.  coli  DNA  polymerase  Klenow 

fragment  in  50 µl  react ion  mixture  as  described  above  at  8°C 

for  1  hour.  The  DNA  polymerase  t reatment  removed  the  4 

base-pa i r   3'  overhang  created  by  PstI  d igest ion  to  leave  a 

blunt  ended  DNA  with  an  in tact  EcoRI  r e s t r i c t i o n   s i te   g iv ing  

the  fragment  B,  containing  the  origin  of  r e p l i c a t i o n   of  

pBR322.  The  blunt  ended  HBsAg  gene  fragment A,  prepared  above 

was  l i ga ted   to  the  EcoRI  si te  of  fragment  B.  This  was 

accomplished  in  a  three  fragment  l iga t ion   to  create  a  plasmid 

pHS94.  The  third  fragment  (fragment  C)  was  prepared  as  fo l lows:  

2.)  The  HBsAg  gene  from  the  plasmid  pHBV-T-1A  was  cleaved  with 

HpaI  at  a  site  d is ta l   to  the  HBsAg  gene.  The  Hpal  s i te   was 

l iga ted   to  a  EcoRI  site  of  pBR322  previously  f i l l ed   in  with  DNA 



polymerase  I  Klenow  fragment  (9).  This  was  accomplished  by 

subcloning  the  de r iva t ive   of  pBR322  to  give  pHS42.  This 

plasmid  was  cleaved  with  XbaI  (which  cleaves  at  codon  31)  and 

with  Barn  HI  (which  cleaves  375  base  pairs  from  the  EcoRI  s i t e  

of  pBR322)  to  give  a  DNA  fragment  containing  most  of  the  HBsAg 

gene,  ca.  150  base  pairs  dis tal   to  the  HBsAg  gene,  and  the 

promotor /opera tor   and  the  f i r s t  2 0 0   base  pairs  of  the 

t e t r a c y c l i n e   r e s i s t ance   gene.  The  DNA  fragment  C,  bounded  by 

XbaI  and  BamHI  was  i so la ted   by  PAGE  and  used  in  the  t h r e e  

fragment  l i ga t ion   described  above  to  give  the  plasmid  pHS94. 

(Fig.  2 ) .  

Construction  of  Recombinant  SV40  DNA  Capable  of  S y n t h e s i z i n g  

HBsAg 

To  assure  that  we  have  large  q u a n t i t i e s   of  properly  l igated  DNA 

to  t r a n s f e c t   monkey  ce l l s ,   the  l iga ted   DNA  was  cloned  in 

E.  coli  in  the  following  manner.  As  shown  in  Figure  3,  the  

BamHI  to  EcoRI  fragment  containing  SY40  DNA  from  pSVR  was  f i r s t  

l igated  to  the  EcoRI  to  BamHI  fragment  containing  the HBsAg 

gene  fran  pHS94  through  its  EcoRI  site  and  the  resulting  fragment  was 

subsequently  cloned  in  the  BamIII  site  of  pBR322. 

The  properly  const ructed   DNA,  pSVHBSA,  can  then  be  cleaved  with 

r e s t r i c t i o n   endonuclease  BamHI  to  generate  a  DNA  fragment  of  

5382  nucleot ides   which  consis ts   of  a  recombinant  SY40  genome 

with  the  coding  region  of  its  VP1  protein  replaced  by  that  o f  

the  gene  encoding  h e p a t i t i s   surface  a n t i g e n .  

For  the  cons t ruc t ion   of  pSYHBSA  DNA,  0.3  µg  of  the  SY40  DNA- 

containing  DNA fragment  from  the  BamHI+EcoRI  digested  pSVR  DNA, 

50  ng  of  the  pBR322-containing  DNA  fragment  from  BamHI  d i g e s t e d  

pHBY-T-IA  DNA  (see  Figure  2  for detailed  structure)  and  0.2  µg  of 



HBsAg  coding  sequence-conta in ing   DNA  from  BamHI+EcoRI  d i g e s t e d  

pHS94  were  l iga ted   by  T4  DNA  l igase  through  their   r e s p e c t i v e  

BamHI  and  EcoRI  s i tes  in  a  15  µl  l i ga t ion   mixture  in  an 

overnight   incubat ion.   One  class  of  proper  l iga ted   DNA  products  

has  r e c o n s t i t u t e d   an  in tac t   tetR  gene  of  pBR322  and  t h e r e f o r e  

can  be  se lec ted   for  by  tetR  among  the large  number  o f  t e t  

recombinants  resul ted   from  s e l f - l i g a t i o n   of  vector  DNA.  The 

s t ruc tu re   of  the  pSVHBSA  was  then  ve r i f i ed   by  r e s t r i c t i o n  

enzyme  d i g e s t i o n .  

Propagation  of  recombinant  SV40  virus  and  expression  of  HBsAg 

in  monkey  c e l l s  

To  tes t   the  e f f i c iency   of  h e p a t i t i s   surface  antigen  s y n t h e s i s  

in  such  a  vector  system,  the  BamHI  cleaved  pSVHBSA  DNA  was 

introduced  into  a  monolayer  of  CV-1  cel ls   (10)  by  the  DEAE 

dextran  method  (11)  and  co infec ted   cel ls   with  e i ther   tsA28  or 

tsA58  viruses  (12).  The  CV-1  cell  monolayer  was  then  incuba ted  

at  41°C  under  proper  cul ture   condi t ions   (11).  Both  tsA28  and 

tsA58  represent   temperature  s ens i t i ve   mutants  in  the  SV40  T 

antigen  and,  t he re fo re ,   cannot  multiply  at  41°C  (1).  Likewise,  

CV-1  ce l ls   which  contained  only  recombinant  SV40  genome 

(pSVHBSA)  do  not  produce  i n f ec t i ous   virus  because  pSVHBSA  l a c k s  

the  VP-1  gene.  As  expected,  cytopathic   e f fec t   was  observed 

af ter   4  days  in  the  CY-1  cel ls   which  contained  both  ts  SV40 

virus  and  the  recombinant  SV40  genome.  Complete  cell  lysis   was 

observed  af ter   2  weeks  of  incubat ion.   No  cytopathic   e f fec t   was 

observed  in  the  CV-1  cel ls   which  received  only  recombinant  SV40 

genome  or  ts  SV40  virus.   Using  a  commercial  radioimmunoassay 

for  HBsAg  (13),  surface  antigen  production  in  the  c u l t u r e  

medium  was  detected  as  early  as  4  days  af ter   the  i n t r o d u c t i o n  

of  DNA.  Q u a n t i t a t i v e  a s s a y s   showed  that  a  monolayer  of  1x106 

CV-1  cel ls   produced  up  to  3.8  µg  of  HBsAg  for  each  i n f e c t i o u s  

cycle,  an  equivalent   of  9x107  m o l e c u l e s / c e l l .   This  number  is  



almost  ident ica l   to  the  estimated  number  of  SV40  VP-1  p r o t e i n  

molecules  produced  in  a  single  in fec t ious   cycle  ( 1 ) .  

To  determine  whether  the  recombinant  SV40  genome  is  packaged 

and  propagated  in  CV-1  cel ls   as  is  SV40  virus ,   a  plate  of  CV-1 

cel ls   was  infected  at  41°C  with  ts  SV40  virus  plus  an  a l i q u o t  

of  the  lysate  from  the  or iginal   co - in fec ted   c e l l s .   Low 

molecular  weight  DNA  from  the  infected  cells  was  isolated  by  the 

method  of  Hirt  (14)  72  hours  post  i n f ec t i on .   The  i so la ted   DNA 

was  e i ther   untreated  or  cleaved  with  r e s t r i c t i o n   endonuc leases  

and  f r a c t i ona t ed   by  gel  e l e c t r o p h o r e s i s   on  agarose.  The 

f r ac t i ona t ed   DNA  was  then  denatured  and  t r a n s f e r r e d   to 

n i t r o c e l l u l o s e   paper  by  the  method  of  Southern  (15),  and  probed 

with  32P- labe l led   pHS94  DNA.  As  can  be  seen  in  Figure  7,  the  

recombinant  DNA  molecules  containing  h e p a t i t i s   gene  sequence 

exist   mostly  as  c l o s e - c i r c u l a r   DNA  with  a  s i z e  

i n d i s t i n g u i s h a b l e   from  SV40  viral  DNA  (lane  A).  The  m a j o r i t y  

of  the  recombinant  DNA  regenera tes   its  BamHI  si te  through 

in  vivo  l i ga t ion   (lane  B).  As  expected,  the  Bam-EcoRI  fragment 

which  contains  the  coding  region  of  h e p a t i t i s   B  surface  an t igen  

(see  Figure  3)  can  also  be  i so la ted   in  an  unal tered  form. 

A 150  mm  plate  of  CV-1  cel ls   grown  to  90  percent  confluency  was 

infected  with  a  lysate  prepared  from  an  or iginal   t r a n s f e c t i o n  

experiment  (which  contained  both  recombinant  and  tsA28  v i r u s e s )  

and  incubated  at  41°C  af ter   supplementat ion  with  excess  tsA28 

virus.   After  70  hours  p o s t - i n f e c t i o n ,   medium  was  harvested  to 

cha rac t e r i ze   the  HBsAg  synthes ized .   A d d i t i o n a l l y ,  

i n t r a c e l l u l a r   low  molecular  weight  DNA  was  i so la ted   accord ing  

to  the  methods  of  Hirt  (14).  The  i so la ted   DNA  was  resuspended 

in  1  ml  of  buffer  containing  Tris-Cl  (pH  7.4),   ImM  EDTA. 



Five  µl  of  uncut  DNA,  and  5  ul  of  BamHI  digested  DNA,  was  then 

f r a c t i o n a t e d   by  e l e c t r o p h o r e s i s   through  a  0.8  percent  agarose  

gel  in  TBE  Buffer,  along  with  SV40  DNA  t reated  s imi la r ly   as  a 

con t ro l .   The  DNA  pat tern  on  the  gel  was  t r a n s f e r r e d   to  a  s h e e t  

of  n i t r o c e l l u l o s e   paper  and  hybridized  to  32P- labe l led   pHS94 

DNA  (15),  as  a  source  of  HBsAg  gene  probe.  Figure  7  r e p r e s e n t s  

the  au to rad iograph ic   image  o f  3 2 P - l a b e l l e d   pHS94  DNA  a f t e r  

h y b r i d i z a t i o n .   Lanes  A  and  B  are  untreated  Hirt  s u p e r n a t a n t  

and  BamHI  digested  Hirt  supernatant   DNA  r e s p e c t i v e l y .   I,  II  

and  III  denote  the  p o s i t i o n  o f   form  I,  form  II  and  form  III  of  

control  SV40  DNA  whose  pos i t i ons  were   determined  by  e th idium 

bromide  s t a in ing   before  DNA  was  t r an s f e r r ed   to  n i t r o c e l l u l o s e  

pape r .  
I 

Hepa t i t i s   surface  antigen  encoded  by  pSVHBSA  is  synthesized  in 

a  p a r t i c l e   form. 

Hepa t i t i s   surface  antigen  is  synthesized  and  secre ted  from 

infec ted   l iver   cel ls   as  a  pa r t i c l e   (6).  Sequence  analysis   o f  

various  cloned  h e p a t i t i s   DNA  suggests  the  p o s s i b i l i t y   that  the 

mature  surface  antigen  may  be  cleaved  from  a  larger  p r e c u r s o r  

protein  (8).  Since  only  DNA  encoding  the  mature  HBsAg 

molecule,  plus  some  3'  un t r ans l a t ed   sequences,  are  i n c o r p o r a t e d  

into  the  SV40  genome  in  the  cons t ruc t ion   described,   it  can  be 

asked  whether  the  speculated  p recur so r -pep t ide   plays  any 

funct ional   role  in  assembling  the  22  nm  pa r t i c l e   and  in  i t s  

eventual  secre t ion   from  the  ce l l .   To  this  end,  the  s y n t h e s i z e d  

h e p a t i t i s   surface  antigen  has  been  cha rac te r i zed   by  comparing 

its  property  with  authent ic   protein  through  s ed imen ta t ion  

ve loc i ty ,   sedimentat ion  equi l ib r ium,   and  e lec t ron  mic roscop ic  

ana lys i s .   As  shown  in  Figure  8,  the  h e p a t i t i s   surface  an t igen  

synthesized  in  this  vector  system  has  a  sedimentat ion  r a t e  



i n d i s t i n g u i s h a b l e   from  h e p a t i t i s   surface  antigen  i so la ted   from 

the  medium  of  an  infected  l iver   cell  line  (17)  and  has  a 

buoyant  density  of  1.22  g/cm3,  again  s imilar   to  an  a u t h e n t i c  

surface  antigen  22  nm  pa r t i c l e   (6).  Examination  by  e l e c t r o n  

microscopy  of  pur i f ied   surface  antigen  has  also  revealed  a 

predominant  p a r t i c u l a t e   s t ruc tu re   with  a  mean  diameter  of  220  A 

(22  nm),  morphological ly   iden t ica l   to  authent ic   22  nm  p a r t i c l e s  

(Figures  8  and  9).  Therefore,   the  mature  h e p a t i t i s   s u r f a c e  

antigen  protein  monomer  is  the  only  essen t ia l   s t r u c t u r a l  

component  encoded  by  h e p a t i t i s   virus  which  is  required  for  the 

assembly  of  the  22  nm  p a r t i c l e .  

A.  Comparison  of  the  sedimentat ion  veloci ty   of  HBsAg. 

synthesized  in  CV-1  cells  and  that  of  HBsAG  synthes ized  and 

secreted  by  a  Hepatoma  cell  line  PLC  (17  and  18).  (F igure  

8A).  Culture  medium  harvested  from  the  experiment  described  in 

Figure  7  was  the  source  of  HBsAg  used  in  this  expe r imen t .  

HBsAg  produced  by  the  PLC  cell  line  (17  and  18)  was  h a r v e s t e d  

from  the  cul ture   medium.  HBsAg  from  both  cu l tures   was  f i r s t  

p r e c i p i t a t e d   by  ammonium  su l fa te   at  45  percent  s a tu ra t i on   and 

resuspended  (at  a  final  concent ra t ion   of  HBsAg  of  0.5  pg/ml)  in 

a  buffer  containing  20  mM  t r i s -Cl   (pH  7.4),   0.5  mM  EDTA  and  0.5 

mM  NaCl.  200 pl  of  each  sample  was  loaded  on  two  para l l e l   5  ml 

sucrose  gradients   (5-20  percent  sucrose)  in  the  same  b u f f e r .  

Cen t r i fuga t ion   was  carr ied  out  at  45,000  rpm  in  a  Beckman  SW 

50.1  rotor  for  80  minutes  at  4°C.  HBsAg  was  detected  using  the 

commercial  HBsAg  assay  kit  (Ausria  II-125,  Abbott  Lab).  

Recovery  of  HBsAg  was  invar iably   greater   than  80  p e r c e n t .  

B.  Buoyant  density  determinat ion  of  HBsAg  synthesized  in  CV-1 

ce l l s .   (Figure  8B).  2  µg  of  HBsAg  from  pooled  i n f e c t e d  

culture  medium  were  p r e c i p i t a t e d   by  ammonium  su l fa te   at  45 



percent  s a t u r a t i o n ,   f r ac t i ona t ed   over  an  agarose  gel  permeat ion 

column  (A  5.0  M,  Bio-Rad),  and  then  sedimented  through  a  5-20 

percent  sucrose  gradient   as  described  in  A.  After  suc rose  

gradient   c e n t r i f u g a t i o n ,   pooled  HBsAg  was  dialyzed  a g a i n s t  

gradient   buffer  without  sucrose,   and  solid  CsCI  was  then  added 

to  give  the  solut ion  (7  ml)  a  final  density  of  1.2  g/c .c .   I t  

was  then  cen t r i fuged   at  50,000  rpm  in  a  Sorvall  T  865.1  r o t o r  

for  68  hours.  Assays  were  performed  as  described  in  A. 

Recovery  of  HBsAg  in  CsCl  gradients   was  about  70  percent .   Peak 

f rac t ions   were  then  pooled,  dialyzed  against   10  mM  T r i s C l ,  

100mM  NaCI  and  0.5  mM  EDTA  buffer ,   concent ra ted ,   and  p repared  

for  e lect ron  microscopic  examina t ion .  

To  p r epa re  t he   antigen  for  e lectron  micrographs,  carbon  coated 

copper  grids  were  prepared.  One  drop  of  buffer  c o n t a i n i n g  

HBsAg  protein  (1  µg/ml)  was  placed  on  a  grid  for  30  min.  a t  

room  temperature .   The  protein  solut ion  was  b lot ted   off  the  

grid  r a d i a l l y   and  washed  once  with  4  drops  of  H20.  The  g r i d  

was  then  s tained  with  1.0  percent  Na-phosphotungstate ,   pH  7 . 6 ,  

for  one  minute,  and  dried  with  f i l t e r   paper.  E l ec t ron  

micrographs  were  taken  on  a  Ph i l l ip s   E.  M.  400  at  m a g n i f i c a t i o n  

77700.  This  provided  a  negative  from  which  a positive picture 

was  made  by  enlargment  (ca.  10  times)  as  depicted  in  Figure  9. 

Construct ion  of  non- ly t ic   vectors  expressing  HBsAg 

Recombinant  plasmids  were  assembled  which  contain  pBR322 

sequences  derived  from  the  plasmid  pML  (21),  348  base-pa i rs   of  

SV40  DNA  which  comprise  the  origin  region  of  DNA  r e p l i c a t i o n   as 

well  as  the  promoter  sequences  for  both  the  early  and  l a t e  

t r a n s c r i p t i o n a l   uni ts ,   and  HBV  sequences  which  encode  the  gene 

for  HBsAg.  The  origin  of  SY40  was  i sola ted  by  d iges t ing   SY40 

DNA  with  HindIII ,   and  converting  the  HindIII  ends  to  EcoRI  ends 

by  the  addit ion  of  a  converter  (AGCTGAATTC).  This  DNA  was  cu t  



with  PvuII,  and  RI  l inkers   added.  Following  d igest ion  with 

EcoRI,  the  348  base-pai r   fragment  spanning  the  origin  was 

i so la ted   by  polyacrylamide  gel  e l e c t r o p h o r e s i s   and 

e l e c t r o e l u t i o n ,   and  cloned  in  pBR322.  Expression  plasmids 

pHBs348-E  and  pHBs348-L  were  const ructed   by  cloning  the  1986 

base-pai r   fragment  r e su l t i ng   from  EcoRI  and  BgIII  d iges t ion  of 

HBV  (22)  (which  spans  the  gene  encoding  HBsAg)  into  the  plasmid 

pML  (21)  at  the  EcoRI  and  BamHI  s i t e s .   (pML  is  a  de r iva t ive   of 

pBR322  which  has  a  delet ion  e l imina t ing   sequences  which  are 

inh ib i to ry   to  plasmid  r e p l i c a t i o n   in  monkey  cel ls   (21)).   The 

r e su l t ing   plasmid  (pRI-Bgl)  was  then  l i nea r i z ed   with  EcoRI,  and 

the  348  base-pa i r   fragment  r epresen t ing   the  SY40  origin  r eg ion  

was  introduced  into  the  EcoRI  site  of  pRI-Bgl.  The  o r i g i n  

fragment  can  i n s e r t  i n   e i ther   o r i e n t a t i o n .   Since  this  fragment 

encodes  both  the  early  and  late  SY40  promoters  in  addi t ion  to 

the  origin  of  r e p l i c a t i o n ,   HBV  genes  could  be  expressed  under 

the  control  of  e i ther   promoter  depending  on  this  o r i e n t a t i o n  

(pHBS348-E  represen t ing   HBs  expressed  under  control  of  the 

early  promoter;  pHBs348-L  represen t ing   HBs  expressed  under 

control  of  the  late  p romote r ) .  

Repl icat ion  of  SV40-HBV  plasmids  in  monkey  c e l l s  

The  r e p l i c a t i o n   of  HBV-SY40  recombinant  plasmids  in  the  COS-7 

line  of  monkey  cells   was  demonstrated  as  follows:  At  va r i ous  

times  following  DNA  t r a n s f e c t i o n   by  the  DEAE-dextran  t e c h n i q u e ,  

low  molecular  weight  DNA  was  i so la ted   by  the  method  of  H i r t  

(14),  f r a c t i ona t ed   by  e l e c t r o p h o r e s i s   in  agarose  gels  and 

analyzed  by  Southern  blot  hybr id iza t ion   (15).  Figure  4 

demonstrates  that  immediately  following  t r a n s f e c t i o n ,   l i t t l e   or 

no  supercoi led   plasmid  is  present  in  COS  ce l l s .   Three  days 

af ter   t r a n s f e c t i o n ,   however,  extensive  r e p l i c a t i o n   of  the  i npu t  

DNA  has  occurred,  following  in t roduc t ion   of  e i ther   pHBs348-L 



DNA  (lane  b)  or  pHBs348-E  DNA.  As  expected,  no  plasmid 

r e p l i c a t i o n   is  observed  following  t r a n s f e c t i o n   of  plasmid 

pRI-Bgl  (which  lacks  the  SV40  origin  sequences  but  is  o the rwise  

ident ica l   to  the  above  expression  plasmids)  (lanes  a ) .  

Synthesis  of  HBsAG  in  monkey  cel ls   t r ans fec t ed   with  recombinant  

plasmids 

Plasmids  pHL,  pRI-Bgl,  pHBs348-E  and  pHBs348-L  were  in t roduced  

into  the  COS-7  line  of  monkey  cel ls   (23),  modifying  the 

DEAE-dextran  procedure  (11)  by  increas ing  the  time  of  t r e a t m e n t  

and  exposure  of  the  cel ls   to  DEAE-dextran  and  DNA  to  12  hours .  

The  COS-7  cel ls   line  harbors  an  in tegra ted   copy  of  the  e a r l y  

region  of  SV40  and  expresses  c o n s t i t u t i v e l y   the  SY40  A  gene 

product  (T  an t igen) .   Plasmids  containing  a  functional   o r i g i n  

of  SV40  DNA  r e p l i c a t i o n   have  been  demonstrated  to  r e p l i c a t e   in 

monkey  cel ls   in  the  presence  of  SV40  T  antigen  (20,  21) .  

Figure  5  demonstrates  that  COS  cel ls   t r a n s f e c t e d   with  plasmids 

pHBs348-E  and  pHBS348-L  begin  expressing  s i g n i f i c a n t   q u a n t i t i e s  

of  HBsAg  by  day  2,  and  continue  expressing  beyond  a  two-week 

period.  The  level  of  expression  d i rec ted   by  pHBs348-L  i s  

somewhat  higher  than  that  d i rected  by  pHBs348-E.  One 

i n t e r p r e t a t i o n   of  these  r e su l t s   is  that  the  late  SV40  promoter 

may  be  more  e f f ec t i ve   than  the  early  promoter  in  this  system. 

Tissue  cul ture   derived  HBsAg  is  immunogenic  in  animals  

Having  demonstrated  that  t i ssue  cul ture   derived  p a r t i c l e s   of 

HBsAg  are  a n t i g e n i c a l l y   ac t ive ,   it  was  desired  to  de termine 

whether  these  p a r t i c l e s   are  immunogenic  in  animals.  T h e r e f o r e ,  

the  antigen  produced  by  COS-7  cells  was  pur i f ied  by  a 

combination  of  ammonium  su l fa te   p r e c i p i t a t i o n ,   sucrose  g r a d i e n t  

c e n t r i f u g a t i o n ,   and  CsCl  density  gradient   c e n t r i f u g a t i o n .  

Tissue  c u l t u r e - d e r i v e d   HBsAg  was  in jec ted   into  tes t  



mice ,   while  control  mice  were  immunized  with  i d e n t i c a l  

quan t i t i e s   of  commercially  ava i lab le   HBsAg  (North  American 

Biologicals   Inc.)  derived  from  human  serum.  Titers  of 

anti-HBsAg  were  then  determined  at  various  times  fo l lowing  

immunization.  Figure  6  i l l u s t r a t e s   that  s i g n i f i c a n t   t i t e r s   of 

anti-HBsAg  appeared  in  mice  immunized  with  authent ic   HBsAg  as 

well  as  in  mice  immunized  with  t issue  cul ture   derived  HBsAg. 

In  add i t ion ,   the  k ine t i cs   and  t i t e r s   of  anti-HBsAg  an t ibody  

appearance  in  mice  immunized  with  t i ssue  cul ture   derived  HBsAg 

were  i n d i s t i n g u i s h a b l e   from  those  observed  in  mice  inmunized 

with  au thent ic   HBsAg.  We  therefore   conclude  that  HBsAg 

synthesized  in  monkey  cel ls   by  recombinant  DNA  techniques  i s  

s imi la r ,   if  not  i d e n t i c a l ,   in  immunogenicity  to  HBsAg  de r ived  

from  human  serum,  whose  e f f e c t i v e n e s s   as  a  vaccine  has  been 

amply  demons t ra t ed .  

Pharmaceutical  Compositions 

The  compounds  of  the  present  invention  can  be  fo rmula ted  

according  to  known  methods  to  prepare  pharmaceut ica l ly   use fu l  

composi t ions,   whereby  the  polypeptide  hereof  is  combined  in 

admixture  with  a  pharmaceut ica l ly   acceptable   c a r r i e r   v e h i c l e .  

Suitable  vehicles  and  their   formulation  are  described  in 

Remington's  Pharmaceutical  Science  by  E.W.  Martin,  which  is  

hereby  incorporated  by  re fe rence .   Such  compositions  wi l l  

contain  an  e f f ec t ive   amount  of  the  polypeptide  product  he reo f  

together  with  a  su i table   amount  of  ca r r i e r   vehicle  in  order  to 

prepare  pharmaceut ica l ly   acceptable  compositions  su i tab le   fo r  

e f f ec t i ve   administration  to  the  host.  One  preferred  mode  of 

adminst ra t ion  is  p a r e n t e r a l .   'Su i t ab le   animal  h e a l t h  

formulat ions  are  prepared  as  in  the  case  of  pharmaceut ica l  

composit ions,   mutatis  mutandis .  



Vaccine  P r e p a r a t i o n  

The  vaccines  of  the  present   invent ion,   incorpora t ing   a  s u i t a b l e  

polypeptide  produced  as  herein  described,   can  be  p r e p a r e d  

according  to  known  methods,  wherein  said  polypeptide  i s  

combined  in  admixture  with  a  su i tab le   vehicle .   S u i t a b l e  

vehicles  include,   for  example,  saline  so lu t ions ,   various  known 

adjuvants ,   or  other  addi t ives   recognized  in  the  art  for  use  in 

compositions  applied  to  prevent  viral  i n f ec t i ons .   Such 

vaccines  will  contain  an  e f f ec t i ve   amount  of  the  p o l y p e p t i d e  

hereof  and  a  su i t ab le   amount  of  vehicle  in  order  to  prepare  a 

vaccine  useful  for  e f f ec t i ve   admin i s t ra t ion   to  the  h o s t .  

Attent ion  is  also  d i rected  to  New  Trends  and  Developments  in 

Vaccines ,  -Edi tors :   A.  Voller  and  H.  Friedman,  Universi ty  Park 

Press,  Baltimore,  1978,  which  is  hereby  incorporated   by 

re fe rence ,   for  fur ther   background  de ta i l s   on  the  preparat ion  of  

v a c c i n e s .  

Because  of  the  unique  methods  by  which  the  active  component  of 

these  vaccines  are  produced,  vacc ines  he reo f   are  l ike ly   to  be 

s u b s t a n t i a l l y   free  of  extraneous  p ro te in(s )   and  of  other  v i r a l  

and  c e l l u l a r   components.  Therefore,   they  are  less  l ikely   to 

produce  the  complicat ions  of  whole  k i l led  or  a t t enua ted   v i r u s  

vaccine  p r e p a r a t i o n s .  

It  will  be  apparent  to  those  sk i l l ed   in  the  art  in  the  l ight   o f  

the  foregoing  discussion  that  the  invention,   such  as  in  the  

se lec t ion   of  intended  polypeptide  product,  is  not  to  be  l i m i t e d  

to  the  p refer red   embodiments  he reo f .  
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1.  A  m e t h o d   of  p r o d u c i n g   a  t r a n s f o r m a n t   v e r t e b r a t e  

c e l l   c u l t u r e   w h i c h   t r a n s f o r m a n t   i s   c a p a b l e   of   p r o d u c i n g  

p o l y p e p t i d e   by  e x p r e s s i o n   of   a  r e p l i c a b l e   e x p r e s s i o n  

v e c t o r   d i s p o s e d   t h e r e i n   e n c o d i n g   s a i d   p o l y p e p t i d e ,   w h i c h  

c o m p r i s e s :  

a)  p r o v i d i n g   a  D N A  t r a n s f e r   v e c t o r   f r a g m e n t   c a p a b l e   o f  

r e p l i c a t i o n   in  h o s t   c e l l   c u l t u r e ,  

b)  p r o v i d i n g   a  DNA  f r a g m e n t   c o m p r i s i n g   a  p r o m o t e r  

c o m p a t i b l e   w i t h   h o s t   c e l l   c u l t u r e ,  

c)  p r o v i d i n g   a  DNA  f r a g m e n t   e n c l o s i n g   p o l y p e p t i d e  

s u i t a b l e   f o r   l i n k a g e   w i t h   t h e   f r a g m e n t   of   s t e p   b ) ,  

d)  a s s e m b l i n g   t h e   f r a g m e n t s   of   s t e p s   a ) ,   b)  and  c )  

t o g e t h e r   w i t h   a p p r o p r i a t e l y   p o s i t i o n e d   t r a n s c r i p t i o n  

; t e r m i n a t i o n   s i t e s   and  p o l y   A  a d d i t i o n   s e q u e n c e   a n d  

t r a n s l a t i o n a l   s t a r t   and  s t o p   s i g n a l s   to  fo rm  a  r e p l i c a b l e  

e x p r e s s i o n   v e c t o r   in  w h i c h   s a i d   s e q u e n c e   o f  

s t e p   c)  i s   u n d e r   c o n t r o l   of  s a i d   p r o m o t e r ,   a n d  

e)  t r a n s f o r m i n g   a  v e r t e b r a t e   c e l l   c u l t u r e   w i t h   t h e  

v e c t o r   of  s t e p   d ) .  

2.  The  m e t h o d   a c c o r d i n g   to  C l a i m   1  c o m p r i s i n g   t h e  

a d d i t i o n a l   s t e p s   o f :  

f)  a l l o w i n g   t h e   v e r t e b r a t e   c e l l   c u l t u r e   t r a n s f o r m a n t   t o  

g row  u n d e r   c u s t o m a r y   c o n d i t i o n s   in  med ium  u n t i l   s a i d  

p o l y p e p t i d e   i s   p r o d u c e d   t h e r e i n ,   a n d  

g)  r e c o v e r i n g   s a i d   p o l y p e p t i d e .  



3.  The  m e t h o d   a c c o r d i n g   to  C l a i m   2  w h e r e i n   t h e   p o l y p e p t i d e  

i s   h e p a t i t i s   B  s u r f a c e   a n t i g e n ,   s e c r e t e d   in  d i s c r e t e  

p a r t i c l e   fo rm  i n t o   s a i d   m e d i u m .  

4.  The  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3  w h e r e i n   t h e  

f r a g m e n t   of   s t e p   (a)  i s   f u r t h e r   c a p a b l e   of   p h e n o t y p i c  

s e l e c t i o n   in  m i c r o b i a l   h o s t .  

5.  The  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n t b e  

DNA  v e c t o r   of  s t e p   a)  c o m p r i s e s   a t . l e a s t   p a r t   of   t h e  

SV40  v e c t o r   c o n t a i n i n g   an  o r i g i n   of   r e p l i c a t i o n   t h e r e f o r .  

6.  The  m e t h o d   a c c o r d i n g   to  a n y   p r e c e d i n g   c l a i m  w h e r e i n  

t he   v e r t e b r a t e   c e l l   c u l t u r e   of  s t e p   e)  i s   e i t h e r   t h e   C V - 1  

l i n e  o r   t h e   COS-7  l i n e   of   m o n k e y   k i d n e y   f i b r o b l a s t s .  

7.  A  t r a n s f o r m a n t   v e r t e b r a t e   c e l l   c u l t u r e   c a p a b l e   o f  

p r o d u c i n g   p o l y p e p t i d e   by  e x p r e s s i o n   of   a  r e p l i c a b l e  

e x p r e s s i o n   v e c t o r   d i s p o s e d   t h e r e i n   e n c o d i n g   s a i d  

p o l y p e p t i d e   w h i c h   i n c l u d e s   a  r e p l i c a b l e   DNA  e x p r e s s i o n  

v e c t o r   c o m p r i s i n g   a  DNA  s e q u e n c e   e n c o d i n g   s a i d   p o l y p e p t i d e  

and  an  e x p r e s s i o n   p r o m o t e r   c o m p a t i b l e  w i t h   s a i d  

t r a n s f o r m a n t   c e l l ,   s a i d   s e q u e n c e   b e i n g   p o s i t i o n e d  

t o g e t h e r   w i t h   t r a n s l a t i o n a l   s t a r t   and  s t o p   s i g n a l s   i n  

s a i d   v e c t o r   u n d e r   c o n t r o l   of  s a i d   p r o m o t e r .  

8.  The  c e l l   c u l t u r e   a c c o r d i n g   to  C l a i m   7  o b t a i n e d   b y  

t r a n s f o r m i n g   t h e   CV-1  l i n e   or  t h e   COS-7  l i n e   of   m o n k e y  

k i d n e y   f i b r o b l a s t s .  

9.  The  u s e   of   h e p a t i t i s   B  s u r f a c e   a n t i g e n ,   p r o d u c e d   b y  



t he   m e t h o d   a c c o r d i n g   to  any  of  C l a i m s   1  to  6,  f o r  

c o n f e r r i n g   i m m u n o g e n i c i t y   to  h e p a t i t i s   B  v i r u s   in  a  

s u s c e p t i b l e   human  or  f o r   p r e p a r i n g   a  v a c c i n e   t h e r e f o r .  

10.   A  DNA  e x p r e s s i o n   v e c t o r   c a p a b l e ,   in   a  t r a n s f o r m a n t  

v e r t e b r a t e   c e l l   c u l t u r e ,   of  e x p r e s s i n g   p o l y p e p t i d e  

u n d e r   p r o p e r   r e a d i n g   f r a m e   c o n t r o l   of  an  e x p r e s s i o n  

e f f e c t i n g   p r o m o t e r .  

11.   A  v e c t o r   a c c o r d i n g   to  C l a i m   10  s e l e c t e d   f r o m  

pSVHBsA,  p H B s 3 4 8 - E   and  p H B s 3 4 8 - L .  

12.   A  v e c t o r   a c c o r d i n g   to  C l a i m   10  or  1 1  c a p a b l e   o f  

e x p r e s s i n g   h e p a t i t i s   B  s u r f a c e   a n t i g e n .  

13.   A  p a r t i c l e   of  a b o u t   22  nm  c o m p r i s i n g   h e p a t i t i s   B 

s u r f a c e   a n t i g e n   p r o d u c e d   in  v e r t e b r a t e   c e l l   c u l t u r e   b y  

e x p r e s s i o n   of   a  r e p l i c a b l e  e x p r e s s i o n   v e c t o r   d i s p o s e d  

t h e r e i n ,  

14.  The  p a r t i c l e   a c c o r d i n g   to  C l a i m   13  s e c r e t e d   f r o m  

s a i d   c u l t u r e   i n t o   t h e   med ium  f o r   s a i d   c u l t u r e .  
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